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@ Apparatus and method, for shaping fiber reinforced resin matrix materials and product thereof. 



@ A method of shaping elongated composite stmc- 
tures of a resin matrix reinforced with randomly 
brolcen fibers oriented in transverse and non-trans- 
verse directions with respect to the longitudinal axis 
of the structure is implemented by a computer aided 
apparatus for forming the structure. The apparatus is 
provided with a heated fixed forming tool, a means 
for stretching the structure from each end and 
means associated with the forming tool for sepa- 
rately holding each formed component length of the 
structure in place against the forming tool. The 
formed structure is characterized by the particular 
orientation of the fibers in the transverse and non- 
transverse direction after the structure is formed. 
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Apparatus and Method for Shaping Fiber Reinforced Resin Matrix Materials and Product Thereof 



Background of the Invention 

This invention relates to an apparatus and a 
method for shaping fiber reinforced resin matrix 
materials. More particulariy, the invention relates to 
an apparatus and method used to shape the ma- 
terial while substantially maintaining the orientation 
of the fibers in the material relative to each other 
and the product thereof. 

It is l<nown that many thermoplastic resin ma- 
terials can be shaped by means of various metal 
forming techniques, such as deep drawing, stretch 
forming, stamping, binding, etc. It is also known to 
reinforce the resin material with fibers such as 
glass, carbon, aramids and the like to provide high- 
er strength, impact resistance and dimensional sta- 
bility. However, the shaping processes of the prior 
art when applied to resin material structures that 
have fibers oriented in multiple directions suffer 
from the inability to maintain the orientation of the 
fibers relative to each other during the shaping of 
the structure. In many cases this leads to lower 
mechanfcal strength. One way to overcome this 
problem has been to hand lay-up the shaped struc- 
ture from discrete segments of the fiber reinforced 
resin material, then consolidate the hand layed-up 
material into final form and in this manner control 
fiber orientation. This process is very labor Inten- 
sive, time consuming and costly. 



Summary of the Invention 

According to the present invention, a method 
has been developed which facilitates the shaping of 
fiber reinforced resin matrix structures from a 
straight stock shape and provides a method of 
controlling orientation of the fibers in the structure 
without the need to hand lay-up the structure. More 
specifically, the method of shaping into a predefin- 
ed path an elongated composite structure of resin 
matrix reinforced with fibers comprises the steps 
of: 

a) defining said path as a plurality of compo- 
nent lengths; 

b) stretching said structure from each of its 
ends by applying a force to each end along its 
longitudinal axis to shape the structure into succes- 
sive component lengths defined by said path; 

c) heating said structure intermediate its 
ends while stretching the structure according to 
step (b); 

d) holding each formed component length of 
the structure in place while successive component 
lengths are formed; and 



e) cooling the structure. When the predefin- 
ed path includes one or more curvilinear portions, 
each portion is defined as a plurality of component 
lengths given as dependent variables 8. x, y and 
5 independent variables U R and $; where 

x,y are coordinates of points that generate the cam 
track path of the apparatus for forming the shaped 
structure 

L is the length of the unformed material 
70 S is the intennediate arc length of one of compo- 
nent sections 

R is the radius of curvature of the arc S 
D is the offset distance of the x,y coordinates from 
a line tangent to the arc 8 at its end point T 
75 6 is the angular location of the coordinate of the 
tangent point T 

a) expressing x and y as a function of the 
independent variables U R, 0 and 6 such that 
when S = R (90-6), then 

20 X = R cos (0) + (L - S) sin (6) + D cos (6) 
y = R sin (6) - (L - S) cos (0) + D sin (0) 

b) deriving x and y; and 

c) shaping said composite from a straight 
length fiber reinforced resin matrix material by 

25 stretching said straight length in a path defined by 
said x,y coordinates. 

Preferably the fibers are randomly broken and 
are oriented in transverse and non-transverse di- 
rections with respect to the longitudinal axis of the 

30 structure. The hold step (b) maintains the orienta- 
tion of the fibers relative to one another within 
about ± 5 degrees of their orientation to the longitu- 
dinal axis of the shaped structure. 

In a preferred embodiment, the shapes are 

35 enclosed within thin aluminum sheeting, preferably 
in the range of 1/32 to 1/8 inch thick depending on 
the size and geometry of the part to be formed. 
The purpose of the aluminum sheeting covering 
the composite material is to maintain the integrity 

40 of the softened thermoplastic material during for- 
ming. Other materials may be used when the pro- 
cess conditions, such as time, temperature or pres- 
sure require them. After the part is formed, then 
the aluminum or other material is removed, 

46 The product is defined as an elongated com- 

posite structure shaped into a predefined path, said 
path having curvilinear portions, each portion being 
defined by a radius of curvature about a center, 
said structure comprising: a resin matrix reinforced 

50 with fibers, said fibers being oriented with respect 
to the longitudinal axis of said structure in substan- 
tially transverse and non-transverse directions, said 
fibers oriented in the non-transverse directions of a 
curvilinear portion toeing curved with respect to the 
center for the radius of that curvilinear portton. said 
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fibers oriented in the transverse direction of a cur- 
vilinear portion being directed toward the center for 
the radius of curvature of that curvilinear portion. 

The product may involve a number of different 
cross sectional shapes that may be classified by 
the number of laminate surfaces and junctions of 
those surfaces. For example, an U C, O, 2 or hat 
section may be considered to have two laminate 
surfaces and no junctions, while a T or J section 
may be considered to have three laminate surfaces 
with one junction. An I or H section has four lami- 
nate surfaces with two junctions. 

The apparatus of this invention is defined as a 
computer-aided system that includes a fixed for- 
ming tool having a surface defined by the predefin- 
ed path into which the fiber reinforced structure is 
to be fonned, a means for heating the forming tool, 
a means for stretching the structure from each of 
its ends into successive component lengths of the 
predefined path by applying a force to each end of 
the structure along its longitudinal axis away from 
the ends as the structure is formed, and means 
associated with the forming tool for separately 
holding each formed component length of the 
structure in place against the forming tool. 

Suitable thermoplastic resinous materials which 
may be used as a resin matrix include^ but are not 
limited to amorphous polyamides, polyether ketone 
ketones, polyether ether ketones, and amorphous 
or crystalline polyesters. 

The resin of choice is reinforced with fibers as. 
for example, carbon fibers, glass fibers, thermo- 
plastic fibers and aramid fibers. 

In order to form certain cross sections, the 
interior portion of the cross sectional shape needs 
to be supported by a formable member that is 
flexible in the forming or longitudinal direction while 
being rigid in the supporting directions which are 
substantially perpendicular to the longitudinal direc- 
tion and can withstand process conditions. In the 
prefen-ed embodiment, this formable member is a 
stack of steel strips. 



Brief Description of the Drawings 

Fig. 1 is a schematic of an apparatus useful 
in shaping fiber reinforced resin material according 
to the invention. 

Fig. 2 is a schematic illustration of a format 
for calculating the cam track path of the apparatus 
shown in Fig. 1. 

Fig. 3 is a schematic block diagram of the 
computer controlled system for regulating the op- 
eration of the apparatus for shaping the fiber re- 
inforced resin matrix structures of this invention. 

Fig. 4 is the logic flow diagram of the com- 
puter program for the operation of the apparatus. 



Figs. 5-12 are schematic illustrations of the 
steps of the operation of the apparatus of Fig. 1 in 
shaping a structure of the invention. 

Fig. 13 is a perspective view, partially 
s broken away to show the individual plies of a 
straight stock structure prior to shaping. 

Figs. 14-17 are schematic plan views of the 
individual plies in Fig. 13 showing fiber orientation. 

Fig. 18 is a perspective view, partially 
70 broken away to show individual plies, of a shaped 
structure made according to the invention. 

Rgs. 19-22 are schematic illustrations of fi- 
ber orientation in various plies of tiie shaped article 
of Fig. 18. 

75 Figs. 23-27 are enlarged cross sectional 

views taken along line A-A of Fig. 1 representing 
the forming of T, H. C. J and 0 or hollow shaped 
cross sectioned parts respectively. 

Fig. 24a is a broken away enlarged plan 

20 view of Fig. 24 designed to show the structure of 
the support member used. 

Description of the Preferred Emtx)diment 

25 The preferred embodiment of this invention 
provides a method for shaping a fiber reinforced 
resin matrix structure and, as shown in Fig. 1 , tiie 
apparatus useful in performing the method gen- 
erally includes: a frame 30, a pair of end clamps 

30 32, 34 in opposed locations on the frame, two pair 
of cam tracks positioned at the opposed locations, 
only one pair 36. 38 shown, a pair of hydraulic 
cylinders 40, 42 pivotally connected between the 
frame and the clamps, a plurality of holding tools 

35 44-48 (47, 48 now shown) attached to the frame. 
€ach holding tool being configured to form a com- 
ponent length of tiie shaped structure. A plurality of 
hydraulic cylinders 50-54 are attached to the top 
surface of the holding tools 44-48. A forming die 

40 comprising a base tool 56 heated by electoic car- 
tridge heaters 85 (Fig. 5) (Watiow Electric Manufac- 
turing Co.. Firerod cartridge heater J10A62). fixed 
to the frame 30 and a cap tool 58 connected to 
hydraulic cylinder 60, which is fixed to frame 30. 

45 for movement toward and away from the base tool 
is located between end clamps 32. 34. A stock 
length 62 is clamped at each of its ends in clamps 
32, 34 and is positioned between holding tools 44- 
48 and base tool 56. 

50 As best shown in Fig. 2. tiie patii of tiie cam 
tracks 36, 38 is generated from tiie geometry of 
the final curvilinear shape desired as defined by 
tiie lower edge 62a of the final shaped component 
length. More particulariy. when forming a shaped 

55 article in a predefined patii of a plurality of compo- 
nent lengths, each component lengtii being deter- 
mined by dependent variables S, x, y and indepen- 
dent variables L, R. D and e wherein x.y are 
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coordinates points that generate tiie cam track 
path 36, 38, L is the length o1 the unformed nr\a- 
terial, S represents the intermediate arc length of 
one of the component lengths. R is the radius of 
curvature of the arc S. D is the offset distance of 
the x,y coordinates from a line tangent to the arc S 
at its end point T. and G is the angular location of 
the coordinate of the tangent point T. The remain- 
ing portion of the straight length is equal to L 
minus S. In order to properly determine the shape 
of the cam tracks, it is necessary to define arc 
length S as having 2ero stretch spaced a unifonn 
distance A from the lower edge 62a. 

The x,y coordinates are expressed as a func- 
tion of the independent variables L. R, D and 9 
such that when S = R (90-6) then: 
X = R cos (e) + (L - S) sin (9) + D cos (e) 
y = R sin (0) - (L - S) cos (9) + D sin (9) 

Referring now to Rg. 3, computer 82 (Allen 
Bradley programmable logic controller. Series 515. 
Model 1785-LT) is connected at its output terminals 
to a hydraulic controller 80 and a heater controller 
84. The hydraulic controller 80 in turn is connected 
to cylinders 40, 42, 50-54 and 60. The heater 
controller 84 is connected to electric cartridge heat* 
er 85 located in base tool 56. Inputs to the com- 
puter Include position sensors 86, 88 located on 
end clamps 32. 34 for the purpose of signalling 
when the hydraulic cylinders 40, 42 have stretched 
the stock length 62 to the intermediate positions 
corresponding to the tangent points of the individ- 
ual component lengths. Additional inputs to the 
computer consist of pressure transducers 90-93 for 
the purpose of determining when sufficient holding 
and consolidation pressure has been achieved. 
Thermocouple 98 in base 56 is inputted to the 
heater controller 84 for the purpose of sensing the 
temperature and signalling the controller. 

The logic flow diagram (Fig. 4) illustrates the 
operation of the apparatus as follows: upon place- 
ment of the stock length 62, clamped into end 
clamps 32, 34. the sequence of operatton is start- 
ed. In step 100. heat is applied to the electric 
cartridge heaters 85 through the heater controller 
84. Thermocouple 98 senses the level of the tem- 
perature and signals when the operating tempera- 
ture is reached. The computer signals the hydraulic 
controller 80 to start the stretching operation (step 
102) and clamps 32. 34 are moved in tracks 36, 38 
via hydraulic cylinders 40, 42 which are attached to 
the respective clamps to form a first component 
length. When the first component length position is 
reached, as sensed by sensors 86, 88 signals are 
fed to computer 82 (step 104) which in turn signals 
controller 80 to actuate cylinder 52 which moves 
holding tool 46 against the stock length 62 to hold 
the formed component length in place as indicated 
in step 106. In the next step in the program, the 



computer signals hydraulic controller 80 to con- 
tinue stretching until the two adjacent component 
lengths are formed (step 108). When the two adja- 
cent component lengths are formed at the second 

6 stretching position as sensed again by sensors 86, 
88 (step 110), signals are fed to the computer 82 
which in turn signals controller BO to actuate cyl- 
inders 51 , 53 which move their respective holding 
tools against the stock length to hold these fonmed 

10 component lengths in place (step 112). In the next 
step in the program, the computer signals hydraulic 
controller 80 to continue stretching until the two 
final component lengths are fomied (step 114). 
When the two final component lengths reach their 

75 final position as sensed again by sensors 86, 88 
(step 116), signals are fed to the computer 82 
which in turn signals controller 80 to actuate cyl- 
inders 50, 54 which move their respective holding 
tools against the stock length to hold the fomied 

20 component lengths in place (step 118). At the 
actuation of the final holding cylinders, the com- 
puter signals the hydraulic controller to actuate the 
cap tool cylinder 60 to consolidate the final part, 
turns the heaters 85 off and circulates cooling fluid 

25 (in a manner not shown) through the base tool 56 
as in(£cated by steps 120, 122 and 124. 

The forming steps are best shown in Rgs. 5- 
12. Rg. 5 illustrates the initial set-up with tiie stock 
length 62 located in tiie forming apparatus with no 

30 force applied. The stock length 62 is clamped in 
position and tiien heat is applied via base 56. 
When the stock lengtii 62 reaches tiie process 
temperature for the particular resin employed, the 
stock part is stretched to form the center compo- 

35 nent length (Fig. 6) by extending cylinders 40. 42 
until the straight length is tangent to tiie arc at the 
end of the center component length. Once this 
center component is formed, the holding tool cyl- 
inder 52 is extended to move holding tool 46 to 

40 hold the component lengtii in place <Fig. 7) while 
the adjacent component lengths are formed (Fig. 8) 
and held (Fig. 9). The final stretching occurs for the 
remaining component lengths (Fig, 10) and then 
the formed part is consolidated by the remaining 

45 holding tools 44. 48 (Rg. 11) and tiie cap tool 58 
(Rg. 12). 

The stock length 62 Is best described by Figs. 
13-17 and is seen to consist of a cap portion 64, 
web portion 66 and a filler 68. This particular 

50 product as referred to above may be considered to 
have three laminate surfaces with one junction and 
one filler 68. More particularly, the three laminate 
portions are 66a. 66b and 64. The filler 68 is 
enclosed by the junction 68a. While we have de- 

65 scribed this specKically for the T section, the same 
descriptive arrangements apply for laminate sur- 
faces, junctions and fillers of the other shaped 
structures mentioned above such as the L, C, O, Z. 
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J, I and hat shaped sections. The plies that form 
the web also form the lower portion of the cap. The 
upper portion of the cap is formed by additional 
plies. The cap portion and the web portion are 
composed of a plurality of plies with each ply 
consisting of fiber reinforced resin matrix material 
wherein the fibers in each ply are oriented with 
respect to the longitudinal axis in transverse and 
non-transverse directions. The fibers in the non- 
transverse direction are randomly broken while the 
fibers in the transverse direction may be continu- 
ous or randomly broken. More particularly, the fi- 
bers 71 in ply 70 are oriented at 45* to the 
longitudinal axis, the fibers 73 in ply 72 are ori- 
ented at -45' to the longitudinal axis, the fibers 75 
In ply 74 are oriented at o" to the longitudinal axis 
and the fibers 77 in ply 76 are oriented at 90* to 
the longitudinal axis. Thus the fibers in plies 70, 72 
and 74 are oriented in substantially non-transverse 
directions while the fibers in ply 76 are transverse 
to the longitudinal axis. This can more clearly be 
seen by referring to Rgs. 14-17. Refemng back to 
Fig. 13. a filler 68 consisting of fibers oriented at 
0* direction to the longitudinal axis in a resin 
matrix material, is used to fill the void fonmed 
where the web intersects the cap. 

Refenring now to Figs. 18-21, a stretch fomied 
length is shown where in plies 70, 72, 74 the fibers 
71 , 73, 75 oriented in the non-transverse directions 
are curved with respect to the center for the radius 
for that particular portion of the composite structure 
while the fibers 77 oriented in the transverse direc- 
tion in ply 76 are directed toward the center for the 
radius for that particular portion. It should be noted 
that fibers in Figs. 19-22 after shaping remain ori- 
ented with respect to each other and the longitudi- 
nal axis of the structure and thus insure the fibers 
are in the predicted location to provide the opti- 
mum strength for the particular application. While 
the preferred embodiment has been described as a 
composite structure in the form of a T. it is to be 
understood that this method may be used to an 
advantage to form parts that have other structural 
shapes. 

Refemng to Figs. 23-27, alternate shaped 
cross section parts are shown along with the sup- 
port members where needed. More particularly, in 
Fig. 23 there is shown a T-shaped cross section 
covered with aluminum sheeting 63 and held in 
place by holding tool 46 and base tool 56. Similarly 
in Fig. 24, an H-shaped composite structure 61 
covered with aluminum sheeting 63 is held in place 
by holding tool 46 and base tool 56. With this 
particular configuration, the support members 55 
are positioned in the interior portions of the H- 
shaped cross section. The support members com- 
prise a plurality of stacked steel strips 57 as shown 
in Fig. 24a. The steel strips 57 are free to move in 



the longitudinal direction one with respect to the 
other. The support member structure is the same 
for Figs. 25, 26 and 27 which show C-shaped, J- 
shaped and hollow 0*shaped configurations held in 

5 place by holding tool 46 and base tool 56. It is to 
be understood that support members 55 are not 
clamped at its ends in clamps 32 and 34 as is the 
stock lengths 61 , 62, 65, 67 and 69. 

In the preferred embodiment the support 55 is 

10 disclosed as a stack of steel strips. It is to be 
understood that while the steel strips are preferred 
because they are flexible in the fonning or longitu- 
dinal direction while being rigid in the supporting 
directions which are nomially perpendicular to the 

75 longitudinal direction, any other support member 
which would meet these criteria would also be 
suitable for this purpose. 



20 Claims 

1. A method of shaping an elongated connpos- 
ite structure of a resin matrix reinforced with fibers 
into a predefined path comprising: 

25 a) defining said path as a plurality of compo- 

nent lengths; 

b) stretching said structure from each of its 
ends by applying a force to each end along its 
longitudinal axis away from said ends to shape the 

30 structure into successive component lengths de- 
fined by said path; 

c) heating said structure internr>ediate its 
ends while stretching the structure according to 
step (b); 

35 d) holding each formed component length of 

the structure in place while successive component 
lengths are formed; and 

(e) cooling the structure. 

2. The method of claim 1 wherein said 
40 predefined path has a curvilinear portion, said por- 
tion being defined as a plurality of component 
lengths. 

3. The method of claim 2 wherein said compo- 
nent lengths are given as dependent variables S, x. 

45 y and Independent variables U R, D and 9; where: 
X, y are coordinates of points that generate the 
cam tracl< path of the apparatus for fomning the 
shaped structure 

L is the length of the unfomied material 
60 S is the intermediate arc length of one of the 
component lengths 

R is the radius of curvature of the arc S 
D is the offset distance of the x,y coordinates from 
a line tangent to the arc S at its end point T 
55 e is the angular location of the coordinate of the 
tangent point T 

(a) expressing x and y as a function of the 
independent variables U R. 0 and 6, such that 
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when S = R (90-6) then 

X = R cos (0) + (L - S) sin (9) + D cos (0) 

y = R sin (0) - (L - S) cos (0) + D sin (0) 

(b) deriving x and y: and 

(c) shaping said composite from a straight 
length fiber reinforced resin matrix material by 
stretching said straight length in a path defined by 
said x,y coordinates. 

4. The method as defined in claim 3 wherein 
said straight length has from two to four laminate 
surfaces and up to two junctions. 

5. The method as defined in claim 1 .2, 3 or 4 
wherein said fibers are randomly broken and ori- 
ented in transverse and non-transverse directions 
with respect to the longitudinal axis of said struc- 
ture. 

6. The method as defined in claim 5 wherein 
the holding step maintains the relative orientation of 
the fibers during shaping. 

7. The method of claim 6 wherein the relative 
orientation of said fibers is maintained with t 5 
degrees. 

8. An elongated composite structure shaped 
into a predefined path, said path having curvilinear 
portions, each portion being defined by a radius of 
curvature about a center, said structure comprising: 
a resin matrix reinforced with fibers, said fibers 
being oriented with respect to the longitudinal axis 
of said structure in substantially transverse and 
non-transverse directions, said fibers oriented in 
the non-transverse directions of a curvilinear por- 
tion being curved with respect to the center for the 
radius of that curvilinear portion, said fibers ori- 
ented in the transverse direction of a curvilinear 
portion being directed toward the center for the 
radius of curvature of that curvilinear portion. 

9. The elongated composite structure of claim 
8 wherein the structure is a T-shaped cross sec- 
tion. 

10. The elonga^ composite structure of claim 
8 or 9 wherein said resin matrix is a thermoplastic 
resin and said fibers are randomly broken. 

11. The elongated composite structure of claim 
8, 9 or 1 0 wherein said fibers are carbon fibers. 

12. A system for shaping an elongated com- 
posite structure of a resin matrix reinforced with 
fibers into a predefined path of successive compo- 
nent lengths comprising: 

a) a fixed forming tool having a surface de- 
fined by said predefined path in contact with said 
structure; 

b) means for heating said forming tool; 

c) means for stretching said structure from 
each of ends into successive component lengths 
by applying a force to each of said erids along the 
longitudinal axis of the structure away from said 
ends as the structure is formed; and 

d) means associated with said forming tool 
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for separately holding each formed component 
length of the structure in place against said forming 
tool. 

13. The system as defined in claim 12 wherein 
s the means for holding, the means for heating and 

the means for stretching are operated with aid of a 
computer. 

14. A method of shaping an elongated compos- 
ite structure of a resin matrix reinforced with fibers 

70 into a predefined path, said composite structure 
having an interior portion facing away from the 
center of curvature of the predefined path, the 
method comprising: 

a) defining said path as a plurality of compo- 
75 nent lengths; 

b) supporting said structure in directions 
substantially perpendicular to the longitudinal axis 
of said interior portion with a support nf>ember 
positioned in said interior portion while stretching 

20 said structure from each of its ends by applying a 
force to each end along its longitudinal axis to 
shape the structure into successive component 
lengths defined by said path; 

c) heating said structure intermediate its 
25 ends while stretching the structure according to 

step (b); 

d) cooling the structure. 

15. A method of shaping an elongated compos- 
ite structure of a resin matrix reinforced with fibers 

30 into a predefined path, said composite structure 
having an enclosed interior portion, the method 
comprising: 

a) defining said path as a plurality of compo- 
nent lengths; 

OS b) supporting said structure in directions 

substantially perpendicular to the longitudinal axis 
of said interior portion with a support memt>er 
positioned in said interior portion while stretching 
said structure from each of its ends by applying a 

40 force to each end along its longitudinal axis to 
shape the structure into successive component 
lengths defined by said path; 

c) heating said structure intermediate its 
ends while stretching the structure according to 

45 step (b); 

d) holding each formed component length of 
the structure in place while successive component 
lengths are formed; and 

e) cooling the structure. 

60 16. The method of claim 14 or 15 wherein said 
support member is an elongated stack of steel 
strips, said stack being flexible in the longitudinal 
direction while being rigid in the directions per- 
pendicular to the longitudinal direction. 

55 17. The elongated composite structure of claim 

8 wherein the stmcture has an unenclosed interior 
portion. 

18. The elongated composKe structure of claim 

6 
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17 wherein the said unenclosed interior portion 
faces away fronn the center of curvature of the 
predefined path. 

19. The elongated composite structure of claim 

8 wherein the structure has a C-shaped cross sec- s 
tion. 

20. The elongated composite structure of claim 
8 wherein the structure has a H-shaped cross sec- 
tion. 

21. The elongated composite structure of claim 70 
8 wherein the structure has a J-shaped cross sec- 
tion. 

22. The elongated composite structure of claim 
8 wherein the structure has an enclosed hollow 
cross section. 

23. The elongated composite structure of claim 
22 wherein the enclosed hollow cross section is 
rounded. 

24. The elongated composite structure of claim 

8 wherein the structure has from two to four lami- 20 
nate surfaces and up to two junctions. 
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0 Apparatus and method for shaping fiber reinforced resin matrix materials and product thereof. 



@ A method of shaping elongated composite struc- 
tures of a resin matrix reinforced with randomly 
broken fibers oriented in transverse and non-trans- 
verse directions with respect to the longitudinal axis 
of the structure is implemented by a computer aided 
apparatus for forming the structure. The apparatus is 
provided with a heated fixed forming tool (56). a 
means (32, 34) for stretching the structure from each 



end and means (44-48) associated with the fonming 
tool for separately holding each fonned component 
length of the structure in place against the forming 
tool. The formed structure is characterized by the 
particular orientation of the fibers in the transverse 
and non-transverse direction after the structure is 
formed. 
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